Winery by-products, including pomace, stem, vine leaves and shoots, arise in high amounts during the wine-making process. Due to high contents of secondary plant metabolites, such as polyphenols, their usage in the food, cosmetics and pharmaceutical industry is possible. In this study, we investigated effects of an extract prepared from vine shoots (Vitis vinifera L. cv. Riesling) on riboflavin-induced DNA damage in human hepatocellular carcinoma cells HepG2 by comet assay. Significant decreases of DNA damages were detected after 2 h and 24 h extract incubation at concentration ranges of 1 to 30 µg/mL (2 h) and 1 to 10 µg/mL (24 h), respectively. These effects may be attributable to polyphenolic compounds, which has to be further investigated.
Introduction
During the wine-making process winery by-products, such as pomace, stem, vine leaves and shoots, arise. Vine shoots for example occur in huge amounts at pruning in springtime and are traditionally used as natural fertilizer [1] . Due to secondary plant metabolites, such as polyphenols, the usage of winery by-products as sources of bioactive compounds offers an opportunity to obtain value-added products for the food, cosmetics, and pharmaceutical industry [2] . It is known that polyphenols protect cells against oxidative stress due to their antioxidative and radical scavenging abilities and are associated with numerous beneficial health effects. A broad spectrum of biological activities is described, including antioxidant, anticancer and anti-inflammatory activities, amongst others [3] . Vine shoots are rich sources of phenolic acids, flavonoids and especially stilbenoids, such as resveratrol [4] . The aim of the present study was to investigate the effects of an extract from vine shoots of Vitis vinifera L. cv. Riesling on riboflavin-induced DNA damage by the comet assay. Additional treatment of DNA with formamidopyrimidin glycosylase (FPG) enhanced the sensitivity towards reactive oxygen species (ROS) induced DNA lesions and thus enabled the detection of oxidative DNA damage.
Materials and Methods

Chemicals, Cells and Media
Vine shoots of Vitis vinifera L. cv. Riesling were provided from a vineyard (conventional production) in Rhineland-Palatinate (Grünstadt-Sausenheim). They were cut-off before pruning of the vines in springtime 2016 and stored at room temperature till extraction. Chemicals and solvents were all of analytical grade or compliant with standards required for cell culture experiments. Formamidopyrimidine glycosylase (FPG) was provided by Prof. A. Collins (University of Oslo, Norway). HepG2 cells were obtained from DSMZ (Braunschweig, Germany), riboflavin, catalase, dimethyl sulfoxide (DMSO) 99.6%, Amberlite ® XAD16N, ethanol absolute (≥99.8%), trypan blue solution and ethidium bromide were purchased from Sigma Aldrich (Munich, Germany), hydrochloric acid from CHEMSOLUTE ® , Th. Geyer GmbH & Co. KG (Renningen, Germany), low and normal melting agarose from Bio-Rad (Munich, Germany), Trypsin from Serva (Heidelberg, Germany). Cell culture media (RPMI 1640) and supplements (fetal calf serum (FCS), penicillin/streptomycin) were purchased from Invitrogen (Karlsruhe, Germany). Cell culture materials (petri dishes, flasks, etc.) were from Greiner Bio-One (Essen, Germany).
Vine shoot Extract Preparation
Lyophilized and grinded vine shoots were extracted twice at the ratio of 1 g of solid per 25 mL of extraction solvent (methanol/water/1 N HCl: 80/19/1 (v/v/v)) at room temperature under constant stirring (1st: 60 min, 2nd: 30 min). After sterile filtration (0.2 µm) the extraction solvent was removed under reduced pressure at 40 °C and transferred into the water phase. To remove sugars, salts and organic acids solid-phase extraction was carried out using Amberlite ® XAD16N resin. After conditioning with ethanol (90%) and equilibration with double distilled water, the column was loaded with the aqueous extract and washed with 5 fold bed volumes of double distilled water. Retained substances were eluted with 5 fold bed volumes of ethanol (90%). The eluate was evaporated under reduced pressure at 40 °C, transferred into water phase and then lyophilized. The powdery extract was homogenized and stored at −20 °C in the dark until used.
Cell Culture and Incubation Procedure
HepG2 cells were cultivated in 175 cm 2 flasks in RPMI 1640 medium with addition of 10% FCS, 100 U/mL penicillin and 100 µg/mL streptomycin (humidified atmosphere with 5% CO2 at 37 °C). The cells were seeded in 6 cm Petri dishes, cultivated for 24 h, washed with PBS and in the first step incubated with vine shoot extract in incubation medium containing 5% FCS when performing 24 h incubation and FCS-free medium when performing 2 h incubation. Vine shoot extract was dissolved in DMSO, with a final DMSO-concentration of 0.5% in media (2 h: 1 to 30 µg/mL; 24 h: 1 to 50 µg/mL). Secondly, cells were kept on ice, washed twice with PBS and treated with the photosensitizer riboflavin (2 h preincubation: 100 µM; 24 h preincubation 250 µM; in PBS) in combination with irradiation with a halogen lamp (distance to the bottom of the Petri dishes: 33 cm) for 10 min. Afterwards the cells were washed three times with PBS and isolated by trypsination (0.5 mg/mL trypsin). To inhibit the formation of extracellular hydrogen peroxide (H2O2) by pro-oxidative interaction of phenolic compounds with cell media constituents [5] , incubations were performed in presence of catalase (100 U/mL).
DNA Damage Measurement (Comet Assay)
Alkaline single cell gel electrophoresis was performed according to Collins et al. and Bakuradze et al. [6, 7] , with slight modifications. First aliquots of suspended cells were examined for cell viability by trypan blue exclusion. Absolute viability was determined (in %; viable cells in percent of total cells). To exclude DNA damage resulting from cell death only cell suspensions with viability >80% were tested in comet assay. Briefly, 4 × 10 4 cells per preparation were centrifuged (10 min, 2000 rpm, 4 °C), the pellets were resuspended in 65 µl low melting agarose (0.5%) and applied on microscope slides pre-coated with normal melting agarose (1.5%) (2 gels per slide, 2 slides each treatment, with and without FPG, respectively). The cells were lysed over night at 4 °C. Afterwards the slides were washed in enzyme buffer three times. Either FPG in enzyme buffer or enzyme buffer (without FPG) were applied on the slides (50 µL per gel) and incubated for 30 min at 37 °C. After DNA unwinding (pH 13.5, 20 min, 4 °C) and horizontal gel electrophoresis (20 min, 25 V, 300 mA), the slides were neutralized by washing with neutralization buffer three times, fixed with ethanol (95%), dried and stored at room temperature in the dark. Analysis was performed after labeling of DNA with ethidium bromide using fluorescence microscope (Zeiss, Oberkochen, Germany). Overall 2 × 50 cells per slide were analyzed. DNA damage was calculated as tail intensity (TI%, intensity of DNA in the comet tail, as percent of total DNA) [6, 8, 9] . Results were expressed as percent of riboflavin treated control. They are presented as mean ± SD of 3 to 5 independent experiments. Differences were determined by independent one-sided t-test by Origin ® , version 2019 (OriginLab Corporation, Northampton, MA, USA).
Results
Comet assay was used to study the effects of vine shoot extract on riboflavin-induced DNA damage in HepG2 cells (Figure 1 ). An additional treatment with FPG led to an enhanced sensitivity towards ROS induced DNA lesions allowing a distinction between riboflavin-induced DNA damage and oxidative DNA damage. Treatment of HepG2 cells only with DMSO (0.5%) led to basal levels of DNA damage of 18 to 39% TI. After 2 h vine shoot extract preincubation significant decreased riboflavin-induced DNA damage was detected within the concentration range from 1 to 30 µg/mL, whereby lower vine shoot extract concentrations showed more distinct effects. Oxidative DNA damages were significantly reduced from 1 to 5 µg/mL vine shoot extract. For instance, 2 h preincubation with 1 µg/mL vine shoot extract showed a reduction of oxidative DNA damage down to about 66% compared to the riboflavin control. Results were calculated as percent of riboflavin treated control; 2 h: n = 3 -5, 24 h: n = 4-5 (mean ±SD). Differences were determined by independent one-sided t-test related to riboflavin treated control: * p < 0.05, ** p < 0.01, *** p < 0.001.
Only preincubations with vine shoot extract concentrations of 1-10 µg/mL led to significant reduced riboflavin-induced DNA damage after 24 h. Oxidative DNA damage was decreased after incubation with 1 µg/mL vine shoot extract, whereas preincubation with 50 µg/mL vine shoot extract led to significant increase of oxidative DNA damage.
Discussion and Conclusion
In previous studies, polyphenol rich extracts have been shown to protect against oxidative DNA damage. After preincubations of Caco-2 cells with apple juice and bilberry extract and subsequent induction of oxidative DNA damage by menadione, "U-shaped" forms of concentration curves were observed [10, 11] . DNA-protective effects for example were described after 24 h incubation with 50 µg/mL bilberry extract and 5 µg/mL bilberry extract with FPG-treatment, respectively. In contrast, prooxidative effects were detected at high concentrations of bilberry extract (250-500 µg/mL) [10] . Furthermore, several polyphenolic compounds were described to be protective against oxidative DNA damage. Relatively low concentrations of grape seed polyphenols, namely catechin and gallic acid, have led to decreased H2O2-induced DNA damage in mice spleen cells [12] . In addition, resveratrol protected against arsenic-trioxide-induced oxidative damage at simultaneous exposure to 20 µM As2O3 and 5 µM resveratrol in human bronchial epithelial (HBE) cells [13] .
Taken together, vine shoot extract showed protective effects against riboflavin-induced DNA damage, which was significantly reduced after 2 and 24 h preincubation with vine shoot extract at concentrations of 1-30 µg/mL and 1-10 µg/mL, respectively. These effects may be attributable to contained polyphenolic substances, which has to be further investigated.
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